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SEPARATOR DEVELOPMENT FOR A HEAT 
STERILIZABLE BATTERY 

S ix th  Quar te r ly  Report 

L. C. Scala  and G. D. Dixon 

ABSTRACT 

The i n v e s t i g a t i o n  of t h e  e f f e c t  of v a r i e d  zirconium oxide  

loadings  i n  t h e  coa t ing  of Webril  tape f o r  b a t t e r y  s e p a r a t o r s  showed 

t h a t :  

b )  lower r e s t i v i t i e s  are a l s o  a r e s u l t  of high oxide  loadings ;  c )  t h e  

c o a t i n g s ,  however, tend t o  be more prone t o  cracking.  

t o  be obta ined  a t  a 3: l  oxide:polysulfone r a t i o ,  a t  a speed of 3-4 f t /min .  

B a l l  m i l l i n g  t h e  coa t ing  mixtures  f o r  s e v e r a l  days r e s u l t s  i n  smoother 

c o a t i n g s  and b e t t e r  f i l l i n g  of t h e  Webril t a p e  voids .  

a )  h igher  oxide loadings  r e s u l t  i n  f a s t e r  e l e c t r o l y t i c  d i f f u s i o n ;  

Best r e s u l t s  seem 

Long tern exposure t o  concentrated KOH of b a t t e r y  sepa ra to r  

mater ia l  conta in ing  polysul fone  361 i n s t e a d  of po lysul fone  1700 as b inder  

i n d i c a t e d  t h a t  PS 361 d i s s o l v e s  almost completely i n  t h e  c a u s t i c .  Separa tor  

mater ia l  conta in ing  PS 1700, however, wi ths tands  t h e  s t e r i l i z a t i o n  cyc le  

s a t i s f a c t o r i l y .  

The continuous coa t ing  apparatus  i s  being modified t o  a l low 

d i p  coa t ing  of t h e  b a s i c  t ape  ins tead  of doc tor  k n i f e  coa t ing .  

The polarograph has  been c a l i b r a t e d  t o  test f o r  s i lver  ion  

d i f f u s i o n .  

I. INTRODUCTION 

Th i s  Q u a r t e r l y  Report covers t h e  work done during t h e  per iod 

October 1 t o  December 31,  1967. 

and r epor t ed  h e r e  inc ludes :  

The e f f o r t  expended during t h i s  t i m e  

1. I n v e s t i g a t i o n  of t h e  e f f e c t  of v a r i a t i o n s  i n  formulat ions 

and coa t ing  techniques.  



2. I n v e s t i g a t i o n  of a d d i t i o n a l  s epa ra to r  materials. 

3. S t e r i l i z a t i o n  tests. 

4. Polarography 

11. PROGRESS 

1. Var ia t ions  i n  formulat ions and i n  coa t ing  techniques 

a. E f f e c t s  of v a r i a t i o n  of oxide loading 

Two experimental  continuous runs  w e r e  made i n  which t h e  oxide:  

po lysul fone  r a t i o s  were 3 : l  and 4 : l  by weight .  

mi l l ed  f o r  1 2  hours  be fo re  coa t ing  i n  t h e  continuous coa t ing  tower. 

t r a c t a n t  ba th  w a s  1:3 water:dioxane. 

The mixtures  were b a l l  

Ex- 

The f i r s t  run  (C58-21-2, 3 : l  oxide:PS) gave b e s t  r e s u l t s  a t  a 

speed of 3 f e e t  per  minute;  a t  one f o o t  pe r  minute t h e r e  occurred ex- 

cessive running of t h e  coa t ing  mixture  a long t h e  edges of t h e  Webril  

t ape .  Af t e r  s eve ra l  f e e t  of t ape  had been coa ted  a t  3 f t /min ,  t h e  

e x t r a c t i n g  bath w a s  removed t o  check t h e  p o s s i b i l i t y  of using h e a t  as t h e  

s o l e  means of e l imina t ing  t h e  so lven t  (DMAC). However, t h e  e x i s t i n g  

banks of heat ing lamps were no t  s u f f i c i e n t  t o  d ry  t h e  coated t a p e  com- 

p l e t e l y ,  so t h a t  s eve re  blocking occurred.  

During t h i s  run  t h e  gap a t  t h e  k n i f e  edge meter ing t h e  mixture  

onto t h e  t a p e  ( o r i g i n a l l y  set a t  3 mi l s )  had widened on one s i d e ,  so t h a t  

t h e  coa t ing  was uneven, t h a t  i s ,  i t  w a s  much t h i c k e r  on one edge. There- 

f o r e  r e s i s t a n c e  and e l e c t r o l y t e  d i f f u s i o n  rates va lues  were taken both on 

samples of the  o r i g i n a l  t ape  and on samples whose t h i c k e r  edge had been 

previous ly  cut  o f f .  

samples (at  3 f t /min)  and Table  I1 t hose  of t h e  samples wi th  an edge c u t  

o f f  ( 3  f t /min> .  Samples were c u t  a t  i n t e r v a l s  of about  2 f e e t  a long t h e  

coated tape .  

Table  I g ives  th i ckness  and r e s i s t i v i t i e s  of o r i g i n a l  
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Table I 

E l e c t r i c a l  P r o p e r t i e s  and Thickness of O r i g i n a l  Samples from Run C58-21-2 

S p e c i f i c  R e s i s t i v i t y  
Sample Res i s t ance ,  ohm-cm Thickness Ave. Thickness 

No. ohms Average m i l s  m i l s  

1 5,737 135 4.0-8.6-4.6-4.0-7.9 5.82 

2 5.4,4 102 5.2-4.7-5.3-5.8-4.6 5.12 

3 'r,3,3 83 6.6-4.0-4.4-6.1-4.1 5.04 

4 3,232 7 1  5.5-4.7-5.6-5.8-4.7 5.26 

5 2.4,4 75 4.8-6.9-4.6-4.2-6.9 5.48 

Table I1 

Electrical P r o p e r t i e s  and Thickness of Cut Samples from Run C58-21-2 

S p e c i f i c  R e s i s t i v i t y  
Sample Res i s t ance ,  ohm-cm Thickness Ave. Thickness 

N o .  ohms Average m i l s  m i l s  

1 2,5,4 110 3.8-4.7-4.4-3.8-5.2 4.4 

3 4,596 138 3.7-5.0-4.6-4.2-5.0 4.5 

2 5,333 117 3.7-4.4-4.2-4.4-4.5 4.25 

4 4,594 119 3.7-4.8-4.1-3.5-4.5 4.2 

The r e s i s t a n c e  r e s u l t s  shown on Tables I and I1 were obtained us ing  t h e  

r e l a t i v e l y  coa r se  conduc t iv i ty  br idge  mentioned previous ly .  

t h e  s p e c i f i c  r e s i s t i v i t y  values were below t h e  upper l i m i t  set by t h e  

sponsor .  

I n  a l l  cases 
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Measurement of t h e  rate of e l e c t r o l y t e  d i f f u s i o n  through t h e  

f i v e  samples obtained o r i g i n a l l y  from Run C58-21-2 i n d i c a t e s  a l a r g e  

spread  of values obtained from samples coming from t h e  same p o r t i o n ,  

run  a t  r e l a t i v e l y  even speed and under presumably i d e n t i c a l  cond i t ions ,  

which may of course be a t t r i b u t e d  t o  the  t h i c k e r  edge due t o  uninten- 

t i o n a l l y  wider gap; i n  f a c t ,  t h e  e l imina t ion  of t h e  t h i c k  edges reduced 

t h e  spread  of t h e  e l e c t r o l y t e  d i f f u s i o n  va lues .  I n  both cases  t h e  ra te  

of d i f f u s i o n  was r a t h e r  low. 

Continuous run  C58-24-1 w a s  made using an  oxide:PS r a t i o  of 

4:1, t h e  o the r  parameters  remaining t h e  same as i n  C58-21-2. The mixture  

had been b a l l  m i l l e d  f o r  24 hours.  Speeds of 2 ,  3 and 4 f e e t  per  minute 

were employed. 

3 2 0.2 m i l s ;  t h e  t ape  edges w e r e  very  t h i c k  and had no t  been d r i e d  by 

t h e  h e a t i n g  lamps by t h e  time they reached t h e  take-up r o l l .  

t h e  c e n t e r  th ickness  was 4 - + 0 .2  m i l s ,  and t h e  t ape  looked r e l a t i v e l y  good, 

w i th  f u l l y  coated c e n t e r  and somewhat t h i c k e r  edges.  

edges were unevenly coated and c rus ty .  A t  a l l  t h e  speeds t h e  s u r f a c e  of 

t h e  coated tape f e l t  g ra iny  b u t  d i d  not  cha lk  o r  c rack .  The e l e c t r o l y t e  

d i f f u s i o n  r a t e s  of samples ( 2 , 3 , 4  f t /min )  from t h e  same run i n d i c a t e  t h a t  

(1) high  oxide loading r e s u l t s  i n  f a s t e r  e l e c t r o l y t e  d i f f u s i o n  and t h a t  

( 2 )  2 and 3 f t /min coa t ing  speeds seem t o  make no d i f f e r e n c e  i n  t h e  

p o r o s i t y  of  the experimental  s e p a r a t o r s ;  a coa t ing  speed of 4 f t / m i n  

appears  t o  reduce t h e  rate of e l e c t r o l y t e  p e n e t r a t i o n ,  a t  least  under t h e  

cond i t ions  of t h e s e  experiments.  

A t  2 f t /min  t h e  th i ckness  i n  t h e  c e n t e r  of t h e  t ape  w a s  

A t  3 f t / m i n  

A t  4 f t / m i n  t h e  

Table I11 g i v e s  some o t h e r  p r o p e r t i e s .  

Table  I11 

Electrical  P r o p e r t i e s  and Thicknesses  of Sample from Run C58-24-1 

Coating S p e c i f i c  R e s i s t i v i t y  
Speed Res is tance ,  ohm-cm Thickness Ave. Thickness  
f t /min ohms Av e r age m i l s  m i l s  I 

2 3,2,3.5 

' 3  2 ,394 

4 24,40,49 

106 

96 

1140 

4.4-3.1-3.3-4.4-3.2 3.5 

3.9 

4 .0  

4.5-3.8-3.7-3.8-3.5 

3.8-4.5-4.0-3.6-4.0 
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The unexpectedly h igh  s p e c i f i c  r e s i s t i v i t y  va lue  of t h e  po r t ion  run  a t  

4 f t / m i n  cannot be explained easily.  

of t h e  l a t te r  sample i t  was not iced t h a t  t h e  sample appeared t o  dry  

almost immediately a f t e r  removal from t h e  KOH soaking ba th .  

enon, which had never  been observed b e f o r e ,  may be explained by t h e  f a c t  

t h a t  t h e  4 f t / m i n  p o r t i o n  had been coated las t  and t h a t  a t  t h i s  t ime t h e  

re la t ive concen t r a t ion  of t h e  oxide i n  t h e  mixture  may have increased  

apprec iab ly ,  poss ib ly  because of  so lvent  evapora t ion ,  o r  s e t t l i n g  o u t  of 

t h e  oxide.  

During t h e  r e s i s t a n c e  measurements 

Th i s  phenom- 

b. E f f e c t  of t i m e  of soaking i n  KOH on r e s i s t a n c e  

The e f f e c t  of KOH soaking t i m e  on r e s i s t a n c e  of experimental  

s e p a r a t o r  materials w a s  s tud ied  next.  The sample used w a s  p a r t  of sample 

1 (Run C58-21-2); i t  w a s  soaked f o r  24 hours i n  KOH and then t e s t e d  using 

t h e  coa r se  conduc t iv i ty  br idge.  This measurement gave a r e s i s t a n c e  va lue  

of 280 ohms. 

(Yellowspring Co., Model 31 ) ,  which gave a r e s i s t a n c e  of 300 ohms. 

w a s  then  placed i n  t h e  res i s t iv i ty  ce l l  i n  t h e  presence of 40 percent  KOH 

and i t s  r e s i s t a n c e  measured as a func t ion  of t i m e .  The r e s u l t s  show t h a t ,  

i n  t h e  case of t h e  r e l a t i v e l y  th i ck  sample, prolonged exposure t o  40 per- 

c e n t  KOH b r i n g s  about  a decrease  i n  r e s i s t a n c e  of more than  one o rde r  of 

magnitude. Th i s  imp l i e s  t h a t  lower r e s i s t i v i t i e s  than  expected might be 

encountered i n  a b a t t e r y  a f t e r  some a c t u a l  ope ra t ion  t i m e .  I n  a d d i t i o n ,  

t h e s e  experiments i n d i c a t e  t h a t  it would be adv i sab le  t o  soak a l l  samples 

a t  least 48 hours  i n  o rde r  t o  a r r i v e  a t  meaningful,  s teady  r e s i s t a n c e  

va lues .  

The same p i e c e  w a s  t e s t e d  wi th  a new, rnore p r e c i s e  meter 

I t  

c. E f f e c t  of long term b a l l  m i l l i n g  

A continuous run w a s  made (C58-25-1) using a coat ing mixture  

(C58-23-2) which had been bal l -mil led f o r  8 days. This  mixture  cons i s t ed  

of t h e  usua l  po lysul fone  1700:DMAC s o l u t i o n  i n  t h e  presence of oven d r i e d  

20-50 mesh Bio Rad z i r c o n i a ,  i n  an oxide:polysulfone r a t i o  of 4 : l .  The 

a p p l i c a t o r  k n i f e ' s  gap w a s  3 m i l s ,  and t h e  e x t r a c t a n t  ba th  cons i s t ed  of 

water:dioxane (1:3) .  Only one coat ing speed w a s  used,  3 f e e t  per  minute.  

- 5 -  



The r e s u l t i n g  coated t a p e  w a s  very  smooth, bu t  i t  r e t a i n e d  an  apprec i ab le  

amount of  so lvent .  When d ry ,  t h e  coa t ing  appeared t o  be b r i t t l e  and 

easy t o  break o f f  t h e  Webril.  S p e c i f i c  r e s i s t i v i t y  and ion  d i f f u s i o n  

tests w e r e  made of four  samples,  t h e  f i r s t  of which w a s  taken a t  t h e  

beginning of t h e  run. Table  I V  shows t h e  s p e c i f i c  r e s i s t i v i t i e s  and t h e  

th icknesses  of 3 of t h e  4 samples. 

Table  I V  

Spec i f i c  R e s i s t i v i t y  and Thickness of Tape from Run C58-25-1 

Sample Thickness* S p e c i f i c  R e s i s t i v i t y  
No. m i l s ,  ave. ohm-cm Comments -- 
1 3.96 785 Presoaked 18 h r s  i n  40% KOH 

2 3.90 

3 4.04 

768 

980 

Presoaked 4 days i n  40% KOH 

Presoaked 6 days i n  40% KOH 

*Average of f i v e  readings  

The high va lues  of r e s i s t i v i t y  and th i ckness ,  t h e  r e l a t i v e l y  

low rate  of e l e c t r o l y t e  d i f f u s i o n  and t h e  s t i f f ,  b r i t t l e  coa t ing  a l l  

i n d i c a t e  t h a t  4 : l  oxide:PS loading r a t i o  is excess ive .  

t h e  prolonged b a l l  m i l l i n g  d i d  r e s u l t  i n  uncommonly smooth coa t ings .  

On t h e  o t h e r  hand, 

A second continuous run  (C58-27-2), i n  which t h e  oxide:polysulfone 

r a t i o  w a s  reduced t o  2:1, and which had been b a l l  m i l l e d  f o r  57 days,  w a s  

made. The app l i ca to r  k n i f e ' s  gap w a s  a g a i n  3 m i l s  o r i g i n a l l y .  

of 3.5 f e e t  p e r  minute t h e  coa t ing  w a s  be ing  spread  smoothly, b u t  t h e  

voids  i n  the  Webril  looked as though they were n o t  be ing  coa ted  over .  

t h i ckness  of t h e  coated t apes  w a s  on ly  2 m i l s .  

be fo re  a r r i v i n g  a t  t h e  t ake  up r o l l e r ,  i t  w a s  s o l i d  and no t  chalky. 

A t  a speed 

The 

The c o a t  d r i e d  completely 

Because t h e  Webril  t a p e  vo ids  appeared n o t  t o  be coated ove r ,  

t he  a p p l i c a t o r ' s  gap w a s  opened to 4 m i l s  i n  o r d e r  t o  i n c r e a s e  t h e  amount 
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of material  depos i ted  on t h e  tape.  

per  minute. 

1 .9  m i l s ,  and more h o l e s  were f i l l e d .  

speed w a s  reduced t o  3.5 f e e t  per minute.  

average th i ckness  of 2.2  m i l s  and a l l  t h e  Webril  ho le s  appeared t o  have 

been f i l l e d .  Overall, t h e  coating f i lm  w a s  s t r o n g ,  smooth, non-chalking. 

Table  V g ives  t h e  s p e c i f i c  r e s i s t i v i t y  and th i ckness  va lues  of t h e  above 

samples. 

The speed w a s  increased  t o  5 f e e t  

The th i ckness  of t h i s  coa t ing  decreased t o  an  average of 

Leaving t h e  gap a t  4 m i l s ,  t he  

The r e s u l t i n g  dry  coat  had an 

Table V 

S p e c i f i c  R e s i s t i v i t y  and Thicknesses of Samples from C58-27-2 

Speed 
f t /min 

3 . 5  H1 

3.5 a2 

5 

Thickness,  
m i l s  (ave.) 

2.28 

2.22 

2.06 

S p e c i f i c  R e s i s t i v i t y ,  
ohm-cm 

1640 

1000 

24 1 

I n t e r p r e t a t i o n  of t h e  r e s u l t s  from t h i s  run  l e a d s  t o  c o n t r a s t i n g  con- 

c l u s i o n s .  The r educ t ion  i n  oxide conten t  from t h e  content  of run 

C58-25-1 increased  t h e  s p e c i f i c  r e s i s t i v i t y  of t h e  two sample po r t ions  

coa ted  a t  low speed: correspondingly,  t h e  e l e c t r o l y t e  d i f f u s i o n  ra te  

w a s  slow a t  both l o w  speed runs ,  whether they  were made wi th  a n  en larged  

a p p l i c a t o r  gap o r  no t .  Th i s  occurred even though i t  appeared t h a t  some 

of t h e  l a r g e s t  v o i d s  i n  t h e  Webril t ape  were not  being coated over a t  a 

k n i f e  gap of 3 m i l s ;  t h i s  should have been followed by a correspondingly 

h igh  d i f f u s i o n  rate, which d id  not happen. On t h e  o the r  hand t h e  run a t  

5 f e e t  per  minute gave coated tape t h a t  possessed r e l a t i v e l y  low s p e c i f i c  

r e s i s t i v i t y  and h igh  d i f f u s i o n  values .  

reduced oxide  con ten t  g i v e s  th inner  coa t ings  even a t  h ighe r  a p p l i c a t o r  

gaps ;  t h e  very  f i n e l y  ground coat ing mixture  a c t u a l l y  does a b e t t e r  j ob  

of coa t ing  t h e  l a r g e  voids  i n  the Webril  than  mixtures  ground f o r  a 

s h o r t e r  time. 

Overa l l ,  t h i s  run showed t h a t  a 
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I t  must be mentioned t h a t  t h e  lat ter batches of experimental  

Webril  are cons iderably  worse than  t h e  i n i t i a l  ones as f a r  as homogeneity, 

s i z e  and d i s t r i b u t i o n  of vo ids ,  and constancy of th ickness  are concerned. 

The work done a f t e r  t h i s  po in t  has  used new ba tches  of 3 inch  wide 

Webri l ,  which has  been claimed t o  be more uniform and gene ra l ly  b e t t e r  

by t h e  manufacturer.  

d. Va r i a t ions  i n  coa t ing  techniques 

A continuous run  was made (C58-23-1) i n  which t h e  e x t r a c t i n g  

b a t h  w a s  not used. The coa t ing  tower w a s  modified i n  such a way as t o  

lengthen  the pa th  of t h e  coated t ape  from t h e  pay-off r o l l e r  t o  t h e  take- 

up r o l l e r .  This  w a s  done i n  o r d e r  t o  i n c r e a s e  t h e  number of h e a t  lamps 

t o  2 banks of 4 l amps  each,  on e i t h e r  s i d e  of t h e  tape .  

w a s  set a t  3 m i l s ,  speeds of 2 ,  3 and 4 f t / m i n  were t r i e d ,  and t h e  

oxide:PS r a t i o  was 3 : l .  

The k n i f e  gap 

The  f i r s t  problem encountered w a s  caused by t h e  l a r g e  and 

dangerous concent ra t ion  of DMAC fumes genera ted  by t h e  hea t ing  of t h e  

jus t -coa ted  tapes .  Fans w e r e  employed t o  d i r e c t  t h e  h o t  fumes i n t o  a 

hood, bu t  t h i s  measure w a s  l a r g e l y  i n e f f e c t i v e .  Any f u t u r e  coa t ing  t h a t  

involves  heat ing of coated t a p e s  must be  conducted under a n  e f f i c i e n t  

hood. 

The second and more s e r i o u s  problem c o n s i s t e d  of t h e  i n a b i l i t y  

of t h e  h e a t  l a m p s  t o  d ry  t h e  coated t a p e  t o  such a degree  t h a t  t h e  t a p e  

would no t  block when wound around t h e  take-up r o l l e r .  

be  overcome by i n s t a l l i n g  a long furnace ,  e i t h e r  v e r t i c a l l y  o r  h o r i z o n t a l l y ,  

t o  r e p l a c e  the hea t ing  lamps. 

ou tput .  

This  drawback w i l l  

Th i s  s t e p  might r e s u l t  i n  more even h e a t  

Another drawback which w a s  encountered c o n s t a n t l y  i n  t h e  

course  of t h e  coa t ing  experiments w a s  t h e  f a c t  t h a t  t h e  z i r c o n i a :  

po1ysulfone:DMAC mixtures  o f t e n  prove d i f f i c u l t  t o  apply  homogeneously 

through a Gardner Knife because of poor b l ade  al ignment ,  a f i l t e r i n g  

e f f e c t  of t h e  oxide o u t  of t h e  mixture  and o t h e r  g e n e r a l l y  bothersome 

e f f e c t s .  Therefore i t  w a s  decided t o  tes t  a d i p  coa t ing  method us ing  
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grooved p i n s  t o  d i s t r i b u t e  the  coat ing evenly,  and a v e r t i c a l  furnace 

t o  dry  and set  up t h e  coa t ing  r a t h e r  than  using a bank of hea t ing  lamp. 

Work i s  i n  progress  t o  modify t h e  e x i s t i n g  coa t ing  appara tus  along t h e  

l i n e s  mentioned above. 

2. I n v e s t i g a t i o n  of new b a t t e r y  s e p a r a t o r  i n g r e d i e n t s  

a. Webr il 

I r r e g u l a r i t i e s  i n  d i f f u s i o n  rates and r e s i s t i v i t y  va lues  have 

been observed f r equen t ly ,  and t h e  doubt a r o s e  as t o  whether t h e  th ickness  

of t h e  Webril t ape  i s  as cons tan t  as claimed. Therefore  a p i ece  of Webril  

measuring 6 x 2.5 inches w a s  c u t  and th i ckness  measurements taken on 

s p o t s  l oca t ed  on t h e  t ape  as fol lows:  four  columns of 9 measurement 

p o s i t i o n s ,  each loca ted  along the l eng th  of t he  t ape  sample; t he  d i s t a n c e  

between each measurement p o s i t i o n  column is  s l i g h t l y  more than  one ha l f  

i nch ,  which is  a l s o  t h e  d i s t a n c e  between rows of p o s i t i o n s .  It  w a s  found 

t h a t  t h e  th i ckness  va r i ed  from aminimum of 1 .4  m i l s  t o  a m a x i m u m  of 2 . 1  

m i l s ,  w i th  h igh  and low va lues  f r equen t ly  very c l o s e  t o  each o t h e r ,  and no 

p a r t i c u l a r  concen t r a t ion  o f  high o r  low spo t s .  A ca l l  t o  Kendall  revea led  

t h a t  t h e  Webril  t a p e  used u n t i l  now belonged t o  an  experimental  and there-  

f o r e  uneven batch;  however, t h e  new product ion ba tch  r e c e n t l y  rece ived  by 

u s  ( 3  inch  wide) appears  t o  have fewer and smaller voids ;  i t s  average 

t h i c k n e s s  i s  more cons t an t ,  bu t  it i s  c l o s e r  t o  1.9 m i l s  than  t o  t h e  

o r i g i n a l l y  claimed 1.4 m i l s .  

edges are smooth, even and free of v i s i b l e  stresses. 

Since these  tapes  were machine c u t ,  t h e i r  

b .  Polysul fones  PS 360 and 361 

Polysulfones 360 and 361 (3M Company) had been acquired some- 

t ime .ago  because i t  w a s  claimed t h a t  t h e i r  s t r u c t u r e s  d id  no t  possess  t h e  

r e l a t i v e l y  temperature  s e n s i t i v e  i sopropyl idene  group. Attempts were 

made t o  d i s s o l v e  those  r e s i n s  (351 as a f r e e  f lowing,  f i n e  powder and 

360 i n  t h e  form of granules )  i n  DMAC. 

13% n e i t h e r  d i s so lved  e a s i l y  o r  completely.  

Polymer 361 d i s so lved  almost completely,  bu t  t h e  s o l u t i o n  w a s  no t  c l e a r .  

Polymer 360 d i d  no t  d i s s o l v e  completely a t  9% concent ra t ion .  

A t  a s o l i d s  concent ra t ion  of about 

A t  9% s o l i d s  concent ra t ion  
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Disregarding the  unc lear  appearance of t h e  9% 361 s o l u t i o n ,  

t h e  l a t te r  w a s  used t o  prepare  coa t ing  mixtures  i n  which t h e  oxide:PS 

r a t i o  ranged from 2 : l  t o  4 : l .  

BioRad z i r con ia ,  a newly received supply. 

The oxide used here  w a s  aga in  20-50 mesh 

Continuous run C58-27-1 w a s  made using mixture  C58-26-3 

(45g Polymer 361, 450g DMAC, 9Og d r i ed  z i r c o n i a ,  oxide:PS r a t i o  = 2 : l ) .  

Polymer 361 had been d r i e d  f o r  2 days i n  vacuo a t  about 100°C before  

s o l u t i o n  i n  DMAC, and t h e  whole mixture  w a s  b a l l  mi l l ed  f o r  90 hours.  

The a p p l i c a t o r ' s  gap w a s  3 m i l s  and t h e  e x t r a c t i n g  ba th  w a s  1 :3  water: 

dioxane. A t  coa t ing  speeds of 2 and 3 f e e t  per  minute the  coated t ape  

w a s  tacky and the  voids  were not completely f i l l e d .  

speeds t h e  tack iness  increased  considerably.  I n  gene ra l  t h e  coa t ings  

appeared too t h i n  and inhomogeneous so t h a t  no samples were taken f o r  

r e s i s t i v i t y  and i o n  d i f f u s i o n  tests. 

A t  h igher  

Continuous run  C58-29-1 w a s  c a r r i e d  ou t  using t h e  same formu- 

l a t i o n  as C58-27-1, except  t h a t  t h e  oxide: 361 r a t i o  w a s  3:l  (mixture  

number C58-26-4). A t  3 f t /minu te  t h e  coated 

s u r f a c e  w a s  very  g ra iny  and many of t h e  Webril  vo ids  appeared uncoated. 

The th ickness  of t h i s  coated t ape  was about 3 m i l s .  

coa t ing  improved i n  t h a t  more voids  appeared f i l l e d  i n ,  bu t  t h e  t ape  d id  

not have time t o  d r y  s u f f i c i e n t l y .  I n  t h e  course of t h i s  p o r t i o n  of t h e  

run  one of the  hea t ing  lamps blew up, thus  po in t ing  ou t  t h e  d e s i r a b i l i t y  

of i n s t a l l i n g  an  up r igh t  furnace  i n s t e a d  of t h e  hea t ing  lamp banks used 

u n t i l  now. 

however,the coa t ing  was very smooth and even, a l though not  homogeneous. 

The e l e c t r o l y t e  d i f f u s i o n  time f o r  t h i s  sample is very  s a t i s f a c t o r y .  

Table V I  shows t h a t  r e s i s t i v i t i e s  and th i ckness  va lues  obtained from t h i s  

run  are s a t i s f a c t o r y .  

The k n i f e  gap w a s  3 m i l s .  

A t  6 f t /min .  t h e  

A t  4 f t /minu te  t h e  holes  were no t  y e t  completely f i l l e d ;  

Continuous run C58-30-1 w a s  made us ing  t h e  same formula t ion  

as C58-27-1 except t h a t  t h e  oxide:361 r a t i o  w a s  4 : l  (mixture  number 

C58-26-5). 

t h e  Webril voids b e s t  of a l l ;  however, t h e  r e s u l t i n g  coated t a p e  w a s  

A t  2 and 3 f e e t  pe r  minute t h e  coa t ing  appeared t o  fill i n  
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t oo  s t i f f  and b r i t t l e ,  so  t h a t  i t  could not  be r o l l e d  proper ly .  

samples f o r  i on  d i f f u s i o n  and r e s i s t i v i t y  va lue  tests were taken. 

N o  

Table V I  

S p e c i f i c  R e s i s t i v i t i e s  and Thicknesses of Samples from C58-29-1 

Speed 
f t /min  

Thickness 
m i l s  (ave.)  

3.18 

3.35 

3 .3  

S p e c i f i c  R e s i s t i v i t y  
ohm-cm 

68 

46 

17 .7  

The f a c t  t h a t  none of t h e  formulat ions mentioned above con- 

t a i n i n g  Polymer 361 i n  9% s o l i d s  s o l u t i o n s  r e a l l y  succeeded i n  f i l l i n g  

t h e  ho le s  and vo ids  i n  t h e  new Webril t ape  l e d  us  t o  th ink  t h a t  t h e  

amount of po lysul fone  i n  t h e  mixture  w a s  too  low. Therefore  t h r e e  

mixtures  were prepared using a 13% s o l u t i o n  of Polymer 361 i n  DMAC 

( t h i s  corresponds t o  t h e  usua l  15g PS:lOOg DMAC). 

t i o n s  were d i s t ingu i shed  by having oxide:PS r a t i o s  of 2:1, 3 : l  and 4 : l .  

The t h r e e  formula- 

Continuous run  C58-31-1 ( 3 : l  oxide:PS) used a mix b a l l  mi l l ed  

f o r  67 hours.  Knife  s e t t i n g  w a s  3 m i l s .  A t  3 f e e t  per  minute a good 

looking f i l m  w a s  ob ta ined ,  which exh ib i t ed  very few p inholes ,  w a s  evenly 

coa ted  and had a g r i t t y  f e e l .  Center th ickness  w a s  3-3.5 m i l s .  A t  5 

f e e t  pe r  minute  t h e  f i l m  d id  no t  d ry  very  w e l l  and t h e  coa t ing  appeared 

less even. The f i lm  could be bent through 180' without  f l ak ing .  

d e p o s i t  of f i l l e r  remained on the k n i f e  b l ades ,  poss ib ly  due t o  a f i l t e r i n g  

o u t  a c t i o n .  The f i r s t  3 f e e t  of coated t ape  exh ib i t ed  a smooth g l a s s y  

s u r f a c e  on both  s i d e s .  

s o l v e n t .  I ts  e l e c t r o l y t e  d i f f u s i o n  va lues  were acceptab le .  Table  VI1 

g i v e s  some o t h e r  p r o p e r t i e s  of  the run. 

A heavy 

This  m a t e r i a l  probably s t i l l  contained some 
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Table VI1 

S p e c i f i c  R e s i s t i v i t y  and Thickness of Tape from Run C58-31-1 

Speed Th i c  knes s S p e c i f i c  R e s i s t i v i t y ,  
f t /min m i l s  (ave.) ohm-cm 

3.45 

3.06 

3.06 

2.98 

3.3 

189 

550 

860 

31 

38 

hea t  d r i e d  only  

RT d r i e d  

RT d r i e d  

RT d r i e d  

l as t  s e c t i o n  

Continuous run C58-31-2 used mixture  (58-30-3, i n  which t h e  

oxide:PS r a t i o  w a s  4:1, t h e  o t h e r  i n g r e d i e n t s  remaining cons t an t .  It 

w a s  soon obvious t h a t  t h i s  ox ide  l o a d i n g m s  excess ive ;  t h e  mixture  d i d  

not  spread  ou t  evenly ,  t h e  coa ted  t a p e  d i d  no t  dry  r a p i d l y  ( t h i c k  oxide  

coa t ing  r e t a ined  some s o l v e n t )  and t h e  excess ive  oxide  e a s i l y  p r e c i p i t a t e d  

ou t  of t h e  mixture and clogged t h e  k n i f e  gap. A s  a r e s u l t ,  t h e  Webril 

t a p e  t o r e  f requent ly .  No samples were t aken  of t h i s  run. The las t  run  

of t h e  period w a s  C58-31-3, which used a mixture i n  which t h e  oxide:PS 

r a t i o  w a s  2 : l .  The k n i f e  gap w a s  aga in  set a t  3 m i l s .  A t  2-2.5 f e e t  

p e r  minute t h e  coa t ing  f i l m  w a s  very  t h i n  and conta ined  many p inho les .  

The oxide  seemed not t o  be evenly spread. A t  3 f e e t  p e r  minute t h e  f i l m  

looked good, g lossy ,  and showed few p inho les .  However, i t  d i d  not  d ry  

proper ly .  A coa t ing  speed of 4 f e e t  p e r  minute gave a t h i n ,  even f i l m  

wi th  some pinholes.  Drying of t h e  c o a t  w a s  n o t  complete. A t  6 f e e t  pe r  

minute t h e  coated t a p e  w a s  t r a v e l i n g  t o o  f a s t  f o r  dry ing .  While t h e  

e l e c t r o l y t e  d i f f u s i o n  rates were i n  g e n e r a l  s a t i s f a c t o r y ,  t h e  s p e c i f i c  

r e s i s t i v i t y  va lues  from a l l  samples of run  C58-31-3 are above t h e  

maximum allowed 150 ohm-cm. 

3. S t e r i l i z a t i o n  tests 

The r e s i s t a n c e  t o  s t e r i l i z a t i o n  i n  ho t  concen t r a t ed  c a u s t i c  

w a s  determined f o r  s e v e r a l  samples of s e p a r a t o r  material ob ta ined  from 
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e i g h t  s e l e c t e d  continuous coa t ing  runs.  

materials which were obta ined  a t  several speeds from each coa t ing  run ,  

were c u t  t o  2 x 1 .5  inch  s i z e  and s t e r i l i z e d  i n  40% KOH f o r  60 hours 

a t  135OC. 

i d e n t i f i e d  i n  Table V I I I .  

The samples from s e p a r a t o r  

The coa t ing  runs from which t h e  samples are der ived  are 

The con ta ine r s ,  i n  which t h e  samples t o  be s t e r i l i z e d  were 

p laced  i n  con tac t  wi th  40% KOH, were s t a i n l e s s  steel cups wi th  Teflon 

l i n e r s .  

and exposed t o  hea t  i n  a box conta in ing  sand. 

appara tus  involved are descr ibed i n  d e t a i l  i n  D r .  Langer’s F i r s t  Monthly 

Report .  

They were sea led  by s t e e l  covers ,  Teflon washers and C clamps, 

The procedure and t h e  

The e f f e c t  of hot  c a u s t i c  s t e r i l i z a t i o n  on sepa ra to r  membranes 

w a s  measured i n  terms o f :  

1. S p e c i f i c  r e s i s t i v i t y  be fo re  and a f t e r  s t e r i l i z a t i o n  

2 .  Weight before  and a f t e r  s t e r i l i z a t i o n  

3. Thickness before  and a f t e r  S t e r i l i z a t i o n  

A sample of a new Webril f a b r i c  ba tch  r e c e n t l y  rece ived ,  and 

claimed t o  be more uniform than t h e  ear l ie r  type ,  a l s o  underwent t h e  

s t e r i l i z a t i o n  c y c l e ,  mainly t o  determine i t s  weight l o s s .  Since 

D r .  Langer found t h a t  t he  polysulfone PS 1700 weight l o s s  from s t e r i l i z a -  

t i o n  w a s  n e g l i g i b l e ,  i t  w a s  assumed t h a t  t h e  weight l o s s e s  observed i n  

t h i s  work were due only  t o  t h e  d i s s o l u t i o n  of t h e  oxide and of t h e  

Webril  i n t o  t h e  KOH. 

t h e  oxide  weight l o s s  could then  be determined. It must be noted,  

however, t h a t  t h e  r e s i s t a n c e  of po lysul fone  361 t o  hot  c a u s t i c  w a s  no t  

determined,  b u t  it w a s  assumed t o  be  as neg l igb le  as t h a t  of 

PS 1700. 

By determining how much weight Webril would l o s e ,  

Table I X  g ives  the  r e s u l t s  of t h e  s t e r i l i z a t i o n  cyc le  of a 

t o t a l  of 16 coa ted  samples and of p l a i n  Webril .  

The d a t a  shown i n  Table I X  i n d i c a t e  t h a t  Polysulfone Polymer 361 

i s  n o t  s u i t e d  f o r  use as a binder i n  b a t t e r y  sepa ra to r s  which must withstand 
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a t t a c k  by h o t ,  concent ra ted  caus t i c .  Indeed, samples from C58-29-1 

down, a l l  containingPS 361, l o s t  a l l  t h e i r  c o a t i n g  as ind ica t ed  by 

t h e i r  e l eva ted  weight l o s s e s  and reduct ion  i n  th ickness  a f t e r  s t e r i l i z a -  

t i o n .  

both on t h e  s e p a r a t o r  sample and i n  t h e  KOH s o l u t i o n ,  a f t e r  s t e r i l i z a -  

t i o n .  However, t h i s  co lo r  could be washed of f  t h e  samples ,  which then  

resembled very  c l o s e l y  t h e  o r i g i n a l ,  p l a i n  Webril t ape .  The 

th i ckness  va lues  a f t e r  s t e r i l i z a t i o n  ind ica t ed  very  s t rong ly  t h a t  a l l  

t h a t  remained w a s  Webril ,  and t h a t  t h e  coa t ing  mixture  went completely 

i n t o  so lu t ion .  

KOH damage w a s  a l s o  demonstrated by t h e  presence of yellow co lo r  

The s i t u a t i o n  is  q u i t e  d i f f e r e n t  i n  t h e  case of t h e  coa t ing  

mixtures  conta in ing  polysul fone  P 1700. Here t h e  th ickness  of t h e  

coa ted  samples be fo re  and a f t e r  s t e r i l i z a t i o n  remained gene ra l ly  con- 

s t a n t  and no change w a s  de t ec t ed  i n  t h e  s e p a r a t o r s  a f t e r  s t e r i l i z a t i o n .  

I n  some cases  t h e  sample r e s i s t i v i t y  readings  w e r e  so  c l o s e  t o  t h e  blank 

readings  t h a t  no va lues  were recorded. 

cons t an t  a t  around 8-9 pe rcen t ,  from which t h e  weight l o s s  exh ib i t ed  by 

p l a i n  Webril should be subt rac ted .  I f  ope ra t ion  of t h e  s t e r i l i z a b l e  

b a t t e r y  can wi ths tand  i t ,  s a t u r a t i o n  of t h e  KOH s o l u t i o n  with f r e e  

z i r c o n i a  would probably reduce the weight l o s s  of s epa ra to r s .  I n  any 

case, t h i s  level of weight l o s s  might no t  be s i g n i f i c a n t  i n  t e r m s  of 

r e s i s t i v i t y  and mechanical c h a r a c t e r i s t i c s ;  i t  might,  however, be 

important  wi th  r e spec t  t o  s i l v e r  and z i n c  ions  d i f f u s i o n .  This  w i l l  be 

t e s t e d  la ter .  

The weight l o s s e s  were f a i r l y  

4. Determination of si lver ion  d i f f u s i o n  throush  a membrane 

A continuous method of s i l v e r  i o n  de te rmina t ion  w a s  requi red  

which would no t  involve  a change i n  t h e  volume of t h e  s o l u t i o n s  under 

s tudy .  The method of a n a l y s i s  chosen w a s  t h a t  of polarography. The 

instrument  used w a s  a Heath b u i l t  polarograph,  model EUW-402 M 

a dropping mercury e l ec t rode  (DME) as t h e  working e l e c t r o d e  and a massive, 

e x t e r n a l  mercury-mercuric oxide e l e c t r o d e  ( i n  40% KOH) as t h e  r e fe rence  

and counter  e l e c t r o d e s .  This allows one t o  scan  from 0 v t o  -1.5 v wi th  

employing 



r e spec t  t o  the  counter  e l ec t rode .  

co inc ides  with t h e  l i m i t i n g  va lue  of  t h e  polarogram, a r i s i n g  from t h e  

anodiza t ion  of mercury. 

The ca thodic  s t e p  due t o  s i l v e r  ions  

The l i m i t i n g  o r  d i f f u s i o n  cu r ren t  f o r  40% KOH i s  0.025 PA. 

With s i l v e r  ions  d isso lved  i n  40% KOH, t h e  d i f f u s i o n  cu r ren t  i nc reases  

l i n e a r l y  with i n c r e a s e  i n  s i lver  ion  concent ra t ion .  A s a t u r a t e d  s i l v e r  

s o l u t i o n  was prepared by d i s so lv ing  s i l v e r  n i t r a t e  i n  40% KOH. Af t e r  

f i l t e r i n g ,  por t ions  of t h i s  s o l u t i o n  were d i l u t e d  t o  d i f f e r e n t  e x t e n t s  

wi th  40% KOH. Each s o l u t i o n  w a s  analyzed by a ' w e t '  chemical method and 

a polarogram a l s o  obta ined .  

fo l lows:  The sample w a s  a c i d i f i e d  t o  0.1N with  r e s p e c t  t o  n i t r i c  ac id .  

The s i l v e r  was e x t r a c t e d  w i t h  d i t h i z o n a t e  i n  carbon t e t r a c h l o r i d e .  The 

excess  d i th i zona te  w a s  removed from t h e  carbon t e t r a c h l o r i d e  wi th  d i l u t e  

ammonium hydroxide and t h e  de te rmina t ion  w a s  completed by spectrophoto-  

me t r i c  measurement of t h e  r e s i d u a l  s i lver  d i t h i z o n a t e  c o l o r s .  

The chemical a n a l y s i s  w a s  c a r r i e d  out  as 

The fol lowing r e s u l t s  have been obta ined:  I 

Table X 

Ca l ib ra t ion  of Polarograph f o r  Detec t ion  of S i l v e r  i n  40% Caus t ic  

S i l v e r  conten t  Di f fus ion  c u r r e n t  
by t h e  S i l v e r  con ten t  D i f fus ion  co r rec t ed  

d i  t h i  zonat e less b lank ,  c u r r e n t  , f o r  b lank ,  
p.p.m. l o 2  PA l o 2  PA Sample method, p.p.m. 

40% KOH blank 0.9 - 2.5 

S i l v e r  s o l .  1 3.8 2.9 15.1 

S i l v e r  s o l .  2 9.6 a .  7 20.6 

S i l v e r  s o l .  3 23.4 22.5 35.8 

- 
12.6 

18.1 

33.3 

S i l v e r  s o l .  4 51.3 50.4 63.5 61.0 
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A t  p r e s e n t ,  work is  i n  p rogres s  i n  des igning  appara tus  f o r  continuous 

monitoring of s o l u t i o n s  as s i lver  ions  d i f f u s e  through a membrane. 

Future Work 

1. 

2.  Test f e a s i b i l i t y  of d ipping  method f o r  c o a t i n g  Webril t a p e .  

Continue modi f ica t ion  of c o a t i n g  appa ra tus .  

3 .  Continue i n v e s t i g a t i o n  of  i on  d i f f u s i o n  rates through 

s e p a r a t o r  membranes. 
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